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rjmcoucrioN 


CbpperdI)  chloride,  molybdenun(V)  chloride,  and  iron  (III)  chloride  have 
been  invest iqated  in  our  laboratory  as  cathode  materials  in  thermally  acti¬ 
vated  cells  usinq  sodiim  tetrachloroaluminate  electrolyte  (1,2,3).  The 
study  of  MoCl r  and  FeCl ^  cells  included  the  optimization  of  the  cell  configu- 
ration  with  some  consideration  of  cathode  mater la 1  particle  size.  Hcwever , 
the  CuCl,  study  considered  only  CuCl.,  particle  size,  quantity  and  purity  of 
graphite  used  in  the  cathode,  and  LiAl  alloy  cargos  it  inn.  The  study  did 
rot  attervt  to  arrive  at  a  best  component  configuration. 

(Xie  to  technical  problems  associated  with  the  LiAl/NaAlCl^/MoCl^  battery' 

development  (4),  CuCl ,  has  increased  in  isjortance  as  a  possible  cathode 

material  in  a  chloroaluminate  battery.  Therefore  additional  study  was  ro- 

quinxi  to  arrive  at  an  optimn  configuration  for  laAl AaAlCl^/CUCl therrrul 

cells.  Phis  report  presents  the  opitimiz.it ion  of  CiJCl-  single  cells  and  oom- 

paares  their  discharge  behavior  to  >taCl r  and  PeCl .  cells. 

1  5  3 

EXPOUMPTITU, 

The  electrolyte  piropxaration,  cell  fabrication,  and  test  procedures  were 
the  same  as  use!  pireviously  (2,3). 

The  st.irtina  joint  for  CuCl ^  cell  opitimiz.it ion  wis  based  upon  tlie  optiirum 
configurations  thit  hid  b»en  obtained  for  FoCl.^  and  MoCl^  cells.  The  oon- 
f igurat ions  of  these  two  cell  types  were  similar  in  that  they  hai  the  same 
arndo  orrposit  ion  and  the  same  cathode  onrjosition  except  for  the  amount  of 
active  cathode  material.  The  only  other  conf iguration  difference  vas  the 
.mount  of  sopxaratim  electrolyte. 

TV>  CuCl _>  cells  were  made  and  tested  under  the  same  c^aeratina  conditions. 

The  first  cell  was  male  using  the  MoCl,.  cell  ccr^osition  and  produced  30.1  WhAg 
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to  80%  of  the  initial  closed  circuit  voltage  (ICCV)  .  The  second  cell  had 
the  same  composition  except  that  the  FeCl^  cell  separator  weight  was  used. 
This  cell  produced  33.0  WhAa,  therefore  the  FeCl^  separator  weight  was 
taker,  as  the  optinum  for  the  purpose  of  this  study. 

The  weight  of  CUCl^  in  tiie  cathode  was  determined  by  a  series  of  cell 
tests  in  which  the  weight  of  CuCl-,  was  varied.  The  results,  shewn  in  Fig.  1, 
indicated  that  1.5g  was  the  best  weight.  Table  I  shews  the  final  oom|r>si- 
tion  of  CuCL,  cells  use1,  in  this  study. 

TABIi'  I.  Cbnf iguration  of  CuCl ^  Sinqle  Cells 

0.27q  LiAl  (60.2  a/o) 

Anode  < 

’  0.1 2g  FHM* 

Separator  0.99g  EBK* 

,  0.64g  raM* 

Cathode  \  l.SOg  CuCl^ 

0.23q  C 

*^0  w'o  electrolyte  (49.85  rVo  AlCl^,  50.15  mo  NaCl) 
arwi  10  w/o  SiC0  binder 


The  i'.iC'.  ,  us»»!  in  thus  study  was  anhydrous,  51.3%  Cl  supplied  by  Alfa- 
Went rt  ri  COrr  .  and  was  iscd  in  this  study  as  received  without  roqard  to 
•.article  siz<’.  The  oruphite  was  Fisher  oracle  38  and  was  used  as  received. 
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RKSULTS  AND  DISCUSSION 


The  open  cm -vat  wltaqe  (OCV)  for  the  CuCl  ,  cells  was  1.85v  at  200°c, 
whereas  the  values  for  .MoC],  .anti  Fed  3  were  2.4  and  2.3v,  respectively.  The 
I  OCV  as  i  runction  of  current  is  shown  in  Fig .  2.  Firm  this  plot,  the  inter¬ 
nal  n  tistance  at  200°c  w»s  oalculatad  as  o .  j  ii .  Hx-  oorresp  tiding  val  n  s  for 
>tx_'l.  a nd  FeC1  ,  were  0.63  and  0.5L,  respectively. 

The  i  energy  ions i ties  <’f  the  cud  single  cell  tests  are  given  in  Table  II. 

2 

■  •  ‘  •  •  studj  >  Lvered  72.6  iti/kg  at  200 °C  and  15  mVcro  as 

■  •  •  .  '  V  :  •  in  .  :  •  >Y :  >■  :•  >;♦  : 


Results  of  Optimized  CUC  - 


Current  ^ 

80* 

3  (°C) 

Dmsity  (nA/cm  ) 

.  -  .  •  v  V4  It 

15 

67.4 

175 

50 

33.6 

100 

11.4 

15 

72.6 

25 

60.9 

50 

38.4 

200 

75 

21.7 

100 

9.78 

15C 

8.13 

15 

62.1 

50 

46.1 

225 

100 

18.1 

150 

8.34 

15 

61.2 

250 

50 

53.8 

100 

20.8 

Despite  their  wr  voltage,  CuCl  cells  delivered  treater  e-  •*  ray  den¬ 
sities  than  the  other  types  of  cells  due  to  long  lifetimes.  The  best  Cud 
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CVRRJT.’T  (A' 


FT  Cl  TO"  2.  Internal  Resistance  for 
LiAl/NaAlCiyOlCl,,C  Cells  at  200°C 


orll  had  a  lifetime  to  30's  IOCV  of  106  minutes,  almost  twice  thit  of  the 
best  Fix'  1  ^  roll.  Discharge  curves  for  the  host  evil  of  each  type  are 
shv.'n  in  Fit.  1  and  Table  III  metres  tlx*  liest  t*nergy  densities  obtained 
fmr  the  three  types  of  cells. 

TABU"  III.  Corjuriaon  of  tlx*  Best  Cells  of  the  llirw  Types 


:\xv  Cell 

fhergy 

’tensity  (V.h/kg) 

Li  f  et  irv* 
(nun) 

m 

Cur  rent 

Dens l tv 

>toci5 

16.7 

30 

17S 

15 

FeClj 

SO. 6 

S8 

175 

15 

CUC1- 

72.6 

106 

200 

15 

Fieures  4  in!  r*  -ontrost  the  discharge  behavior  of  OiCl  ,  evils  with 
i  *  PtCl  (  cells  with  respect  to  current  density  arxi  t <r^  v:  r  .  , 

respnt  ively. 

r ire:  !  i- 1 !  shv  *h'  energy  densities  {or  the  three  tyjx*s  of  cells  as 
i  "  ux't  ion  *  urr* ■:  ‘  tensity  it  the  four  tmperatui •  s  studied.  At  every 
it  h'l ,  *'11  cni* rev  tecroasrxl  as  'irmit  tensity  increased. 

{ "•  x * l  ind  HXl,.  nils  behaved  similarly  t<  each  other  at  all  terperatures 
but  Tuit<*  lifferently  to  0x71,  cells,  except  at  175°C.  At  the  higher  tin- 
p  rntvires,  FcCl  (  in!  MnClr)  "ell  nutpits  increased  or  leveled  off  as  tlx* 
la  it  il  Md>  till  pen  *.  •  -  i  •*:*•.*:  -.>  ■  in 

*:-*•  oir’.  it  r  st  dy  •  hit  OK'l^  are  lev:  current  tyjx>  cells  is  ■  >j«r>sod  to  ’•tX'lt. 
ar»!  FeCl^  cells. 

iivvr,  *  x*  0x71 ,  cells  in  this  study  performs:  hotter  than  the  other 
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t\’ix*s  *f  nils  it  current  densities  as  hioh  as  60  nvVnr/’  at  175°C  and  200"C 
(Fig.  4  i  and  4b)  ami  as  high  as  80  mA/an*  at  225®C  (Fid.  4d)  .  While  OX71, 
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cells  are  iefirutely  superior  to  and  Fell.  cells  .it  very  low  current 

2 

i  lens  it  ies,  the'  are  also  •'r^xaruble  at  nrrent  densities  is  Sii-jh  as  i0  nVv/cin  . 

Fiqures  5a-5c  show  thr  effects  of  tirvrature  on  cell  performance  at 
three  dlschar  je  rates.  The  effects  an-  similar  for  all  i'll  types.  At  lr> 
"A'a"*  (Fiq.  5a>,  cell  jjerfc  ntvmce  ik'vreaaes  .is  tm^*r.it  -e  in  Teases .  At 
the  hi  iter  discharge  rates  (Fiq.  5b,  Sc',  performance  uvrea»‘  as  tut^rra- 
ture  increases.  Wi  n*ported  ivirlier  that  1'eCl  ^  had  Setter  tu'^erature  tol- 
cruiv  than  >fcx'lt  u»!  CUCl^  -ells  based  on  the  i«-rcent  c  r.inqr  in  enemy 
Vnsity*  over  tin-  * uTf*Tature  ranqr  studied  (3).  This  wa;  based  on  the 
earlier  unott Lmizor’  CuCl,  test  tita.  The  information  shvr.  in  Table  IV 

z 

irv!i\cos  that  at  low  current  iensities  (15  mAA'r'*')  optimize!  QjCIj  ci'lls 
‘vive  ’*.(*•  r i  :  'ir^cr.iturc  tolerincr,  Sxit  tint  at  hiohe?  *irrent  '< r.s i t ies 
(’.TO  -vV"i‘)  FeCl  }  i s  still  superior,  with  CMC’..,  better  than  * t x. '  1  r> . 


•"hr  percent  chanqe  in  [erfominee  is  Sef incal  by: 


•  c/vanne 


-nxnr  enrrev  density  -  minims*  energy  ksi;  tv  ^  jqq 
max  lit  cwry  lens'  t y 
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-I _ I _ I _ L 

170  190  210  230 


Tf?*»TRATVHf  C) 

FICJ'Kl  S.  I  nrprj'  rvnsity  is  »  FUnct  jot  of 

7  ,2 

7*t^  ••r.iturr*  at  *  ■  l1*  rvV  tp  ,  1  .  SO  nA/CTr  , 

»r»!  c .  100  rA./rT'<  . 
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TABU'  IV.  'hrferature  Tolerance  of  FeCl^,  anti 

CUC1 j  Thermal  Cells 


Current  riensity 

(mVarT ) 

Cell 

Change  in  Performance* 

!•> 

Tarp.  Range 

(°C) 

kbCl5 

58.7 

15 

FeCl3 

66.0 

175-250 

CUCl, 

15.7 

ktoCls 

32.5 

100 

FoCl  3 

12.3 

200-250 

cuci2 

53.0 

•The  n't-vn!  change  in  jerfornwntx*  is  def im>’.  as: 

.  Vlixinr  » -rergy  density  -  minimum  energy  density  x  jQ0 

‘'r> *  maxmum  enemy  density 

A  final  area  investigated  with  the  CuCln  cells  wns  tlx*  effects  initial 

stack  pressure  his  no  cell  pcrfomancx*.  The  optimized  cells  were  discharged 

2  2 

it  initial  stack  pressures  from  6000  kq/m  to  21,000  kg/n  .  As  seen  in 
Fig.  6,  alcve  about  <>000  kq/m2  there  is  little  difference  in  cell  perfor¬ 
mance.  This  is  similar  to  FeCl^  cells  reported  earlier  (3)  except  that  for 

2  . 

FVCl  ^  cells  the  value  wns  1400  kq/m  .  The  difference  in  the  minimm  pres¬ 
sures  -list  >**  h*‘  to  the  iiffen*nt  cathode  materials  since  the  or  rj  ns  it.  ion 
of  the  cells  were  otherwise  identical. 

cTNaxsinrg 

An  earlier  study  of  tlx*  UAl/MaAlCl./CUCij  system  for  thermal  cells  did 
not  consider  optimization  of  cell  configuration.  Since  the  ajpoarance  of  a 
technical  prol  lrr'  wi*h  the  LiAl/MaAlCl^/MnCl^  system,  OX'l ^  has  drawn  more 
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IN’ITIAI.  STfcOC  rOTSSURI  (10  ’  kq  rO 


FIGLW  f 


I>x?rgy  Density  as  a  Function  of 
Initial  Stack  Pressure 


attention  as  a  viable  cathtxk?  material  in  the  NaAlCl^  thermal  battery. 

This  study  established  .in  optimized  conf iuurat ion  for  CuCl 0  thermal  cells, 
and  the  discharge  characteristics  of  the  optimized  cell  w;re  determined. 
This  cell  delivered  72.6  to  80%  ICCV  at  200°C  and  15  m/Van^.  This 

high  energy  density  was  ubiainod  as  a  result  of  a  lifetime  of  106  minutes. 
"This  energy  lensity  is  greater  thin  .my  obtained  from  FcCl ^  and  MoCl^  cells 
Single  cell  tests  also  indicate  that  CuCl  ,  cells  show  good  tir^icrature 
tolerance,  especially  at  low  current  densities. 

Although  the  opt  inn  operating  conditions  for  CuC^  cells  arc  low  cur¬ 
rent  density  and  lew  togierature ,  they  also  out  perform  FeCl-j  and  MnC'l^ 
cells  at  current  densities  as  high  as  80  mVcm2,  especially  at  the  higher 
tcr^ieratures.  Therefore,  CuCl 2  cells  .art*  not  limited  to  very  Irw  current 
tensities  as  suggested  previously. 
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